Objective: Medullary thyroid carcinoma (MTC) has varying clinical course. We assessed trends in MTC presentation during the last 34 years. Design: Retrospective study. Methods: One hundred and fifty one patients (44.4% males) were followed for 0.9-34 years.
Introduction
Medullary thyroid carcinoma (MTC) is a rare thyroid neoplasm accounting for 2-10% of all thyroid carcinomas (1, 2, 3) . The majority of MTC cases are sporadic while hereditary cases are found in w25% of patients diagnosed with MTC (2) . MTC is a more aggressive tumor compared with well-differentiated follicular cell-derived thyroid cancers. Cervical lymph node invasion is frequent, and even distant metastases may be present at the time of diagnosis. However, persistent disease can occur for many years having a varying clinical course (3) .
Previous studies have proposed various prognostic factors concerning the outcome as well as the survival in MTC patients. The stage of the disease and the tumor extent at presentation are significant predictors of life expectancy, thus early diagnosis is important for the outcome of the disease (4) . Furthermore, the postoperative calcitonin (CT) levels as well as the calcitonin and carcinoembryonic antigen (CEA) doubling time have been proposed as predictive factors for the outcome and the progression rate of the disease (5, 6, 7, 8, 9, 10) .
In earlier studies, in MTC patients, the overall survival was found to vary at 5 years of follow-up from 78 to 91% and at 10 years of follow-up from 61 to 88% (5, 6) .
Over the last decades, there is an increased awareness for MTC, and several studies have evaluated possible changes in prognostic factors, the survival rates, and the outcome in patients diagnosed with MTC (4, 5, 6, 8, 11, 12, 13, 14) . There are several reasons for this change. The routine measurement of serum calcitonin levels -which is a highly sensitive test for the early MTC diagnosis (15) -in thyroid nodular disease, the use of ultrasound, as well as genetic screening in the cases of familial MTC have allowed the diagnosis and treatment of MTC at an earlier stage (16, 17) .
The purpose of this study was to examine possible trends in the clinical presentation of MTC cases followed up in our center during the last 34 years. We specifically examined the clinical and histological characteristics, the clinical course of the disease, as well as possible changes that occurred during the last decade in the presentation and in the outcome of MTC.
Materials and methods
One hundred and fifty three patients diagnosed with MTC presented in the Endocrine Unit of the Academic Department of Clinical Therapeutics, Athens University School of Medicine (Alexandra Hospital) during the last 34 years. In two patients with increased calcitonin levels and nodular disease, surgery was not performed. The remaining 151 patients were followed for 0.9-34 years (median 4.0 years) and these were included in the analysis. We classified patients according to the year of diagnosis in two groups before and after 2001 (followup period for group 1: median 11 years, intraquartile range (IQR) 8 years and for group 2: median 2, IQR 3 years). Calcitonin screening was routinely performed since 2001 in the majority of patients with nodular disease. Thus, in group 1, patients diagnosed with MTC between 1977 and 2000 (nZ53) were included, and in group 2, patients examined between 2001 and 2011 (nZ98) were included. Thirty-five patients of group 1 had a follow-up of R10 years (66%). The study was approved by the Institutional Review Committee. The majority of patients were informed about the aim of the study and they gave their consent; however, it was not possible to contact those patients lost to follow-up.
We recorded the age at diagnosis and the family history of MTC. Genetic screening for RET mutation was routinely performed from 2001 onward. The genetic test was not performed in 13.3% of cases. Family history of MTC was considered on the basis of either positive RET mutation and/or positive family history of MTC. It should be noted that our center is a referral center for MEN2 syndromes. For the current analysis, we did not include those patients who were RET carriers diagnosed at a young age (!15 years) due to genetic screening and in their vast majority had slightly elevated calcitonin levels or abnormal calcitonin levels only after calcium stimulation and in whom histology showed c-cell hyperplasia.
The tumor size, the extent of the disease at diagnosis and during follow-up, the number of surgeries performed, and the pre-and postoperative calcitonin levels were recorded as well. Tumors %1 cm were considered as microcarcinomas (micro-MTC). The majority of surgeries were performed in three different collaborating surgery units. Pathology was examined by the same group of two pathologists in the majority of cases. The tumor staging at diagnosis was performed according to the American Joint Committee on Cancer (AJCC) TNM classification (18) .
The presence of distant metastases was recorded according to clinical and imaging examination. Basal serum calcitonin levels and postoperative calcitonin levels at 3 and 6 months, as well as at 1, 2, 3, 5, 6, and 10 years after the first surgery, were evaluated to classify patients as having remission, stable disease, or progressive disease. Patients with normal postoperative calcitonin levels (!1.5 pg/ml) were considered as having remission; those with measurable postoperative calcitonin levels with no new imaging lesions were considered as having stable disease and those with new lesions were considered as having progressive disease.
From 2 ) were used for contingency tables. The linear regression model was used for correlations between continuous variables (Pearson' correlation); for variables not normally distributed, Spearman's correlation was used. For the comparison of the means, the t-test or the MannWhitney rank-test was used depending on normality of distribution. ANOVA was used as appropriate. The Kaplan-Meier product limit method was used to estimate the probability of progression of disease 10 years (120 months) after initial diagnosis. To evaluate which factors contribute to the progression of the disease, a univariate Cox proportional hazards model was used; the factors found to contribute to the outcome in univariate analysis at P!0.05 (because of the risk of type II error attributable to low statistical power in such an analysis) were included in the multivariate model as potential risk factors. In the final multivariate analysis, the level of statistical significance was set at 5% (P!0.05).
Results
Of the 151 patients with MTC who were finally analyzed, 67 (44.4%) were males. Table 1 .
In group 1 (diagnosed before 2001), preoperative calcitonin measurement was available in 29 patients (54.7%; 13 underwent routine CT screening, 12 were RET carriers, and in four a confirmation of positive fine needle aspiration (FNA) was performed). In group 2 (diagnosed after 2001), preoperative calcitonin measurement was available in 89 patients (90.8%; 64 underwent routine CT screening, 22 were RET carriers, and in three a positive FNA was confirmed).
The differences in the mode of diagnosis between the two groups were significant (c 2 , PZ0.01, linear by linear association). In group 1, 24.5% underwent surgery for high calcitonin levels; 37.8% for nodular goiter (in some of them with suspicious lymph node in the ultrasound); and 15.1% for positive FNA cytology, while in 22.6% of patients, MTC diagnosis was done after genetic screening. In group 2, surgery was performed for elevated calcitonin levels in 65.3% and 9.2% underwent surgery for nodular goiter with suspicious ultrasound findings in one of the nodules while diagnosis after genetic screening was performed in 22.4%. FNA was not routinely performed when calcitonin was elevated (surgery due to positive FNA in 3.1%). Among patients who underwent FNA, positivity for thyroid cancer was found in 41% and suspicious for malignancy in another 11%. The mode of diagnosis in the two groups according to the type of MTC is presented in Table 2 .
At diagnosis, group 1 (diagnosed before 2001) had larger tumor size (median 1.70 cm, IQR 1.7) compared with group 2 (median 1.1 cm, IQR 1.2 cm, PZ0.045, Mann-Whitney) and less frequently micro-MTCs (%1 cm) (27.8 vs 46.1%, PZ0.045; Fig. 1 ). No significant differences in the frequency of cervical lymph node invasion (60.9 vs 45.8%, PZ0.067) and in the TNM stage at diagnosis were found between the two groups (PZ0.087), although there was a tendency for locally more extensive disease in group 1 (Fig. 1) . Preoperative calcitonin levels were significantly correlated with tumor size (rZ0.655, P!0.001, Spearman's correlation). No significant differences in preoperative and postoperative calcitonin levels were found either.
No difference in the type of first surgery was found between groups (group 1: total thyroidectomy, 50.9%; subtotal thyroidectomy, 5.7% and central lymph node 11 (8) 14 (9) 2.5 (2) 2 (4) a T-test. b Linear by linear association. Mann-Whitney U test. Table 2 Mode of diagnosis in the two groups of MTC patients according to the year of diagnosis and the type of disease. Fig. 1 ). In cases where multiple surgeries were performed, calcitonin levels after the second surgery tended to be higher in patients belonging to group 1 compared with those of group 2 (median 359.5 (IQR 1157) vs 65.5 (IQR 191.4), PZ0.07, Mann-Whitney). Patients who underwent R2 surgeries showed biochemical cure in 17%. Locoregional therapy (radiation or chemo-embolism) was given in six patients belonging to group 1 (11.5%) vs in four patients belonging to group 2 (4%, c 2 , PZ0.076). Only six patients received tyrosine kinase inhibitors as adjuvant therapy (two belonging to group 1 and four to group 2). Table 3 presents the treatment procedures in the two groups according to the type of the disease.
In the whole cohort, the outcome of the disease was significantly better in those patients who underwent routine preoperative calcitonin measurement, compared with those without (remission, 60.7 vs 34.4%; stable disease, 21.4 vs 31.3%; and progression of disease, 17.9 vs 34.4%; PZ0.008, linear by linear association).
In patients where MTC diagnosis was established after routine calcitonin screening, in group 1, remission was found in 55.2% and progressive disease in 34.5%, while in group 2 remission was found in 62.7% and progression in 12% respectively (c 2 , PZ0.014). No differences in the outcome of the disease in patients with no preoperative calcitonin measurement were observed between groups.
Group 1 had less frequently remission of disease (41.4 vs 61.2%) and more frequently progressive disease (35.8 vs 12.2%) at follow-up compared with group 2 (PZ0.003; Fig. 2 ). The outcome in the two groups according to the type of the disease is shown in Table 4 . In group 1, a higher percentage of patients presented distant metastases at follow-up compared with group 2 (39.7 vs 17.4%, PZ0.017). Lymph node invasion at diagnosis was more frequent in patients who showed progression of disease at follow-up (20.0% in patients in remission vs 78.1% in patients with persistent disease vs 93.1% in patients with progressive disease, P!0.001, linear by linear association). In those patients who had follow-up for at least 5 years and who had postoperative CT !1.5 pg/ml (nZ38), three patients showed recurrence with measurable CT during follow-up (7.9%). All these patients belonged to group 2.
The 10-year probability of stability of disease was for TNM stages I and II 95.6%, for stage III 84.8%, and for stage IV 23.8% (Kaplan-Meier analysis P for log rank !0.001). In Cox proportional hazard analysis, the highly significant parameters were entered into the model. These parameters were the tumor size (micro/ macro-MTC), the presence of distant metastasis at follow-up, the stage of the disease at diagnosis, as well as the group according to the year of diagnosis. The analysis showed that the group according to year of diagnosis (for patients belonging to group 2, HR 0.15; 95% CI 0.03-0.68; PZ0.015) as well as the presence of distant metastasis at follow-up (for absence of distant metastasis, HR 0.07; 95% CI 0.015-0.30; PZ0.001) was independently associated with 10-year progression of the disease (P!0.001). 
Sporadic cases (nZ78)
When apparently sporadic cases were taken into account, the median age did not differ between the two groups. When apparently sporadic cases that were subsequently found to be familial were excluded, median age did not differ between groups either (median 52 (range 15-71, IQR 28) for group 1 and median 50.5 (range 5-78, IQR 21) for group 2). Sporadic cases were significantly older compared with familial cases in both groups (Table 1) . There was a tendency for increased tumor size in group 1 compared with group 2 (median 2.05 (0.3-7, IQR 1.8) vs 1.2 (0.3-7, IQR 1.3), PZ0.064, Mann-Whitney) and for decreased frequency of microMTCs (18.8 vs 44.2%, PZ0.065; Fig. 3 ). Cervical lymph node invasion and distant metastasis at diagnosis were more frequent in group 1 compared with group 2 (72.7 vs 45.5%, PZ0.032 and 27.3 vs 5%, PZ0.019 respectively; Fig. 3 ). In group 1, the prevalence of patients with stages I and II disease at diagnosis was significantly lower and with stages IVB and IVC was significantly higher compared with group 2 (group 1, stages I and II 25%; III 32.1%; IV 42.9% vs group 2, stages I and II 56%; III 32%; IV 12%; PZ0.006, linear by linear association). Sporadic cases belonging to group 1 had more advanced disease at diagnosis compared with familial ones (Table 1) .
Sporadic cases in group 1 compared with those in group 2 underwent R2 surgeries (78.5 vs 28.0%, P!0.001) and presented more frequently distant metastases at diagnosis (27.3 vs 5%, PZ0.002; Fig. 3 ) as well as distant metastases at follow-up (67.7 vs 20.0%, PZ0.002). Moreover, they had less frequently remission of disease and more frequently progressive disease (21.4 vs 58.0% and 64.3 vs 14.0% respectively, P!0.001; Fig. 4) . Group 1 had significantly higher postoperative calcitonin levels after the first (median 572.2 (IQR 2025) vs 200.2 (IQR 156) pg/ml, PZ0.024, Mann-Whitney) as well as after the second surgery (median 1031 (IQR 912) vs 73.9 (IQR 329) pg/ml, PZ0.001, Mann-Whitney) compared with group 2. A decreased probability of 10-year progression of disease according to the TNM stage of disease was found in the Kaplan-Meier analysis (lack of progression, for stages I and II 93.1%; stage III 77.8%; stage IV 8.3%; PZ0.001 for log rank; Fig. 5 ).
In Cox proportional hazard analysis when the tumor size (micro/macro-MTC), the presence of distant metastasis at follow-up, the stage of the disease at diagnosis, as well as the group according to the year of diagnosis were taken into account, the group according to year of diagnosis (for patients belonging to group 2, HR 0.097; 95% CI 0.011-0.82; PZ0.033) as well as the presence of distant metastasis at follow-up (for absence of distant metastasis, HR 0.064; 95% CI 0.008-0.496; PZ0.009) was independently associated with 10-year progression of the disease (P!0.001).
Familial cases (nZ73)
Mean age in familial cases was as follows: for group 1, 30.45G14.1; median 31.5; IQR 18 years and for group 2, 34.49G16.6; median 35; IQR 26 years (NS). No significant differences in tumor size, micro-MTC frequency, cervical lymph node invasion, and distant metastasis at diagnosis and at follow-up, in the stage of the disease at diagnosis according to the TNM classification as well as in the outcome of the disease during follow-up were found between groups (data not shown). No significant differences in preoperative and postoperative calcitonin levels were found either. Familial cases belonging to group 1 underwent more multiple surgeries compared with those belonging in group 2 (R2; 48 vs 16.7%, P!0.009). Central lymph A decreased probability of 10-year progression of disease according to the TNM stage of disease was found in the Kaplan-Meier analysis (for stages I and II, 97%; for stage III, 95%; and for stage IV, 50%; P!0.001 for log rank; Fig. 6 ).
Discussion
Recent developments facilitating earlier diagnosis and better management of MTCs result in possible changes in clinical findings and prognosis. Like most referral centers, we have also changed our policies during the last years. In this retrospective study, we report data concerning MTC patients referred in our center for evaluation and treatment during the last 34 years. We examined differences in prognostic factors between two chronological periods according to the year of diagnosis using as cutoff the year 2001 when routine calcitonin measurements and routine genetic screening started in our center. First, we showed that patients who underwent surgery for MTC before 2001 had larger tumors and they presented less frequently microcarcinomas at diagnosis compared with patients diagnosed after 2001. When familial cases were excluded, there was still a tendency toward the same direction. Similar findings have been reported from other centers, indicating the common developments in investigation tools and management in such patients (19) . Modigliani et al. (5) , in a study performed before 1996, reported a micro-MTC incidence of w32%, which is higher compared with our group diagnosed before 2001 (27.8%) but lower compared with that diagnosed after 2001 (46.1%). There are several reasons for this change. During the last decade, the familial cases have been detected earlier when tumor size is smaller. Furthermore, the performance of routine calcitonin screening, which has been adopted by many centers, has led to increased awareness of the existence of smaller MTCs, which are frequently asymptomatic. One further reason is that during previous years, smaller tumors could possibly have escaped diagnosis as ultrasound was rarely performed before 1990 (12, 16, 20, 21) . Tumor size is a significant prognostic factor for the outcome of MTCs according to many studies (14, 22, 23, 24) . Concerning micro-MTCs, these appear to have significantly better outcome and increased biological cure compared with macrocarcinomas (20); however, 10% of these patients may occasionally have lymph node invasion at diagnosis (25, 26) and thus early intervention appears to be important also for small tumors. This is reminiscent of micropapillary thyroid cancer, which is an innocent disease in the majority of cases but also a small minority may present with lymph node metastasis. This has already been pointed out by other authors (27, 28, 29) .
During the last 40 years, most of the epidemiological studies have not shown any changes in the stage of the disease at diagnosis (12, 14, 23, 30, 31, 32) . However, a few studies have been performed in the last 40 years that have compared the clinical and biochemical characteristics of the disease during different chronological periods in the same center (16, 19) . We did not find significant differences in the stage of disease at diagnosis between the two groups. However, when only sporadic cases were analyzed, we found that the stage of the disease at diagnosis was more advanced in the group diagnosed before 2001 compared with the group diagnosed after 2001. Moreover, sporadic cases diagnosed before 2000 had more advanced disease compared with familial cases; such difference was not obvious in patients diagnosed after 2001. In both groups, as expected, familial cases were diagnosed earlier than sporadic cases. It should be noted that although one would expect a younger age at diagnosis in the group diagnosed after 2001, there was no such finding in our cohort. The stage at diagnosis is consistently found to be the most important prognostic factor for disease progression and survival (4, 5, 6, 12, 22, 23, 32) , so, at least for the sporadic cases, the diagnosis at an earlier stage is favorable for the outcome of the disease. Indeed, Bergholm et al. (33) , in a study performed in Sweden, have reported that patients in stages I and II have a relative survival similar to the general population. In sporadic cases, cervical lymph node invasion and distant metastases at diagnosis were more frequent in the group diagnosed before 2001. Grozinsky-Glasberg et al. (8) showed lower remission rate in cases with lymph node invasion at diagnosis, which, however, had no impact on long-term survival. Roman et al. (12) found that patients with more extensive disease at diagnosis had 2.69 times and those with distant metastases 4.47 times greater risk for death. It should be noted that the extent of lymph node invasion is significantly related to the normalization of postoperative calcitonin levels, which is also an important prognostic factor for the outcome of the disease (34) . The presence of cervical lymph node invasion at diagnosis in our cohort was also associated with persistent and progressive disease as described previously (8, 35 ).
An important finding in our study was that patients who underwent routine calcitonin screening (the majority of whom were diagnosed after 2001) had better outcome of the disease compared with those who did not undergo preoperative calcitonin measurement. This finding underlines the importance of routine calcitonin screening in detecting medullary carcinoma among patients presenting with nodular goiter, which has been extensively discussed in the literature (2, 16, 36) . Furthermore, we have recently shown that routine calcitonin measurement may even lead to identification of unsuspected familial cases (37) . Our results further support the fact that the routine calcitonin measurement helps in detecting MTCs earlier and this may lead to a better surgical treatment and final outcome as has already been discussed (16) . Preoperative calcitonin levels also correlated with tumor size as previously reported (38) .
Interestingly, the chronological period of diagnosis was an independent parameter for progression of disease. Patients diagnosed after 2001 had more frequently remission of disease and less frequently progression of disease and distant metastases at follow-up compared with those diagnosed before 2001. These differences were more obvious when only sporadic cases were analyzed. This illustrates the importance of applying scientific knowledge in patient care, which may have significant effects on the outcome of malignant disease. Similar results have been reported in other studies (4, 10, 19) . In an older study, Modigliani et al. (5) reported biochemical cure in 37.6% in sporadic cases, which is lower compared with the remission rate in our groups before 2001 (41.5%) and after 2001 (61.2%). Other studies performed during the last decade have reported 34-72% disease remission rates (14, 23) as well as a better 10-year overall and disease-specific survival compared with studies published before 2000 (4, 5, 6, 8, 12, 22, 24, 33, 39, 40, 41, 42) . Finally, in our study, the appearance of distant metastases during follow-up One further factor possibly explaining the differences between groups is the improvement in surgical procedures during recent years (11, 12, 43) . The surgical history of our patients points in the same direction. We found that patients diagnosed after 2001 underwent fewer surgeries and had better outcome after the first surgery. The initial treatment with thyroidectomy as well as lymph node dissection is the most critical step in the management of MTC (44) . Preoperative calcitonin levels may also help surgeons to individualize the extent of surgery and to perform a more radical treatment (11, 16) . The efficiency of surgical procedures during recent years was obvious in our cohort of sporadic cases as postoperative calcitonin levels after the first as well as a second surgery were also lower in the group diagnosed after 2001 compared with the group diagnosed before. This is in agreement with previous reports (12, 16, 45) . Finally, only 17% of patients who underwent reoperation showed biochemical cure. Indeed, reoperation in MTC may lead to remission and biochemical cure only in a small proportion of patients (14) .
Our study has several limitations. First, we had inadequate information at follow-up in some of the patients diagnosed before 2001 and thus survival evaluation was not possible. We thus focused on progression of the disease and not on survival. It should be noted that the 10-year progression rate according to the stage at diagnosis did not differ from the 10-year survival rate in other series (4, 5, 6, 11, 12, 13, 14) .
Moreover, the number of patients was relatively small. Furthermore, the frequency of familial disease did not differ between the two groups. As our unit is a referral center for the genetic type of the disease, the percentage of inherited MTC is relatively high. It should be noted that similar numbers have also been reported in other series (43, 46) . Increased awareness in the families as well as identification of carriers through genetic screening has allowed the diagnosis of MTC in earlier stages in inherited disease. Thus, our findings are more striking in sporadic cases of MTC.
Conclusions
During recent years, an increase in micro-MTCs is observed, while indices of invasiveness and persistence of disease are better. This is probably due to changing policies in the evaluation of this disease including wider application of genetic screening and increased awareness especially in familial cases, to the routine calcitonin determinations revealing a higher prevalence of the disease and allowing earlier diagnosis and, possibly, to improved surgical procedures. It is thus of great importance to perform calcitonin screening in all nodular goiters, independently from the cytological diagnosis that has led to decision for surgery.
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